Background and Objectives: Ocular melanoma has a predilection for liver metastases.
treatment option for this disease. 8 Isolated hepatic perfusion (IHP) is a surgical procedure that allows for complete isolation of the liver to allow administration of high doses of chemotherapy to be delivered directly to liver metastases while limiting systemic toxicity. 9 Numerous studies have evaluated IHP with the drug melphalan for ocular melanoma with encouraging results [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Unfortunately, this is a complex procedure associated with significant morbidity and potential for liver toxicity. As a result, a number of patients are not candidates for the procedure due to existing hepatic dysfunction or large volume of disease, leaving them with few treatment options.
For patients who were not candidates for administration of melphalan via IHP, we hypothesized that melphalan could be administered by hepatic artery infusion. Infusion of melphalan into the hepatic artery has been evaluated in animal studies 20, 21 and used for treatment of liver metastases from ovarian and colon cancer. [22] [23] [24] To our knowledge hepatic artery infusion of melphalan has not been described for the treatment of ocular melanoma metastases. We sought to determine the safety and feasibility of hepatic artery infusional delivery of melphalan in patients with unresectable liver metastases that had contraindications to IHP.
2 | METHODS
| Study design
This study is a retrospective review of patients with ocular melanoma with hepatic metastases treated with hepatic artery infusion of melphalan at a single academic institution. Prior to initiation of the study, Institutional Review Board approval was obtained from the 
| Patient management
While there are no consensus guidelines on which patients are most likely to benefit from treatment with IHP, our general criteria is established from clinical trials of IHP performed at our institution. 25, 26 Inclusion criteria included serum bilirubin < 2.0 mg/dL, platelet count > 150 000/L, serum creatinine < 1.5 mg/dL, and limited extrahepatic disease. Some protocols limit IHP to patients with < 50% tumor replacement in the liver. 13, 16 Our experience also dictates that the volume of hepatic disease predicts response and ability to tolerate the therapy. 27 Most patients thought to be potential candidates for IHP are taken to the operating room for exploration for extrahepatic disease, intraoperative biopsy to evaluate for fibrosis, steatosis, cirrhosis or sinusoid liver congestion of unaffected liver, and to grossly evaluate the color and consistency of the liver intraoperatively. 
| Statistical analysis
Continuous variables are summarized using the mean and standard deviation or median and range. Categorical variables were reported as frequencies and percentages. Kaplan-Meier method was used to construct a survival curve. Two-sided student's t-test was used to compare groups to identify factors contributing to survival with P < 0.05 considered significant. 
| Treatments and outcomes
A median of two treatments were administered, ranging from 1 to 10 infusions (Table 2) . Eight patients (57%) received multiple treatments.
The median dose was 32 mg of melphalan (range 12-40 mg). Of the patients treated with multiple doses, seven underwent dose escalation during the course of treatment (87%) and one had dose reduction (13%).
There were no technical complications related to the procedure, including no evidence of bleeding or hematoma. More than 90% of treatments were associated with a single night admission. Of the 39 total treatments administered, only one treatment was associated with a significant increase in bilirubin, in a patient who was urgently admitted from clinic for impending liver failure (bilirubin 11 mg/dL) and went on to develop multi-system organ failure, dying in the hospital 7 days after the procedure.
Five patients (36%) had a decrease in lactate dehydrogenase (LDH)
following treatment with only one patient having an increase (7%). This patient went on to get two additional treatments and had a stable LDH thereafter. Seven patients had cross sectional imaging available for review following treatment, demonstrating one patient with partial response (7%), three patients with stable disease (21%), and three patients with progressive disease (21%).
Thirty-day mortality occurred in three patients (21%). Median survival was 2.9 months (Range: 0.2-16 months, Figure 2 ). There were no associations with survival and age, presence of extrahepatic disease or baseline LDH. The degree of hepatic dysfunction was associated with worse survival, with patients presenting with a bilirubin of > 2.5 mg/dL having a survival of 0.93 months versus 6.3 months in patients with bilirubin < 2.5 mg/dL (P < 0.006).
| DISCUSSION
Ocular melanoma has a predilection for liver metastases with nearly half of patients developing metastatic disease in their lifetime and a strong majority of these being liver predominant disease. The prognosis for patients with liver metastases from ocular melanoma is extremely poor, largely due to the dismal responses to systemic therapy. 29 Interferon has no effect on long term survival. 30 The progress made in immunotherapy for cutaneous melanoma has not been replicated in ocular melanoma, with studies showing minimal response to checkpoint inhibition. 31 This has led to the development of regional therapies to optimize delivery of agents to the liver. 32, 33 Isolated hepatic perfusion (IHP) techniques allow for complete vascular isolation of the liver so that high doses of cytotoxic agents can be delivered directly to the liver while minimizing systemic toxicity. Melphalan is a nitrogen mustard alkylating agent that is historically used for the treatment of multiple myeloma and has been the most frequently studied agent used in IHP for ocular melanoma. Toxicity of melphalan, primarily bone marrow suppression, precludes it from being given at high enough doses to be effective systemically. However, its short half-life and linear dose toxicity relationship make it the ideal agent for regional therapies to the liver. Given its efficacy in IHP, we sought another delivery mechanism for melphalan that may be better tolerated in patients with hepatic dysfunction due to volume of disease.
It has long been recognized that liver metastases derive blood supply from the hepatic artery, with normal hepatocytes deriving a majority of blood supply from the portal vein. 37 Capitalizing on this anatomy to target malignant cells and spare normal liver, hepatic artery infusion for treatment of liver tumors was first described in the 1960's. [38] [39] [40] Administration of treatment with or without embolization to the hepatic artery has been developed as a viable method of treatment for liver metastases from ocular melanoma with various regimens delivered via hepatic artery infusion including cisplatin, vinblastine and dacarbazine, 41 fotemustine, [42] [43] [44] [45] chemoembolization, 46-50 yttrium-90 radioembolization, [51] [52] [53] [54] [55] [56] and immunoembolization. 57 The current study is the first to demonstrate that hepatic arterial infusion of melphalan is a safe and feasible treatment option for ocular melanoma patients with contraindication to IHP.
The procedure was associated with no procedural complications and was well tolerated. There was a single in hospital mortality in a patient admitted urgently from clinic for impending liver failure with a bilirubin of 11 mg/dL that increased to 22 mg/dL on post treatment Day 1. Unfortunately his condition continued to deteriorate after the procedure and he succumbed to liver failure. It is possible that the procedure accelerated his liver failure; however he may have also progressed to acute decompensation related to his advanced disease regardless of the intervention.
While there was some subtle evidence of biochemical and radiographic treatment response, most patients died of disease progression and median survival was only 2.9 months. These unfavorable outcomes must be considered in the context of the patient population. These patients had extremely advanced disease, bringing them to the brink of liver failure with no other viable treatment options after discussions in multi-disciplinary tumor board.
Importantly, three patients had nearly 1 year survival after treatment, suggesting a potential benefit for a subset of patients studied.
Identifying patients most and least likely to benefit from a novel treatment is an important goal. Elevated bilirubin, a marker of hepatic dysfunction due to large volume disease was associated with worse survival, similar to a previous report. 47 Prior reports have also suggested that outcomes were also worse in patients with more advanced volume of disease. 49, 50 A small number of patients included in the current study had extrahepatic disease; however, consistent with prior reports, this did not appear to influence survival. These patients are more likely to succumb to their advanced liver disease, 47 justifying aggressive locoregional treatment even with limited extrahepatic disease. Further research is needed to determine the optimal utilization and patient population for treatment with hepatic artery infusion of melphalan.
Because most of the patients studied had hepatic dysfunction thought to be related to bulky liver disease, this approach could be used as a bridge to IHP or PHP if liver function improved after response to treatment. While this did not occur in any of the 14 patients studied, it could warrant consideration in future patients that respond well with improvements in tumor volume or liver function. Patients with liver metastases from ocular melanoma with contraindication to IHP may not be the only patient population to potentially benefit from hepatic artery infusion of melphalan. This procedure was well tolerated and therefore could be used in combination with other treatment regimens and modalities. Furthermore, the high rate of local recurrence after liver resection and IHP supports consideration of placement of a hepatic artery infusion port after hepatectomy or IHP for adjuvant delivery of melphalan. 6 Given the high risk of liver metastases from ocular melanoma and the poor prognosis associated with the development of hepatic metastases, adjuvant intra-arterial fotemustine to the hepatic artery after treatment of the primary lesion has been studied. 58 This approach could warrant consideration using adjuvant hepatic artery infusion of a more active regimen such as melphalan.
This study is highly limited by a number of factors. Because a retrospective review of outcomes was performed, we are unable to identify toxicities and treatment responses to the extent of a prospective trial. Additionally, patients traveled to our institution from all over the country after being told they had no additional treatment options at local hospitals and returned home after the procedure, making following post procedure laboratory values and imaging studies challenging. Because patients had primary treatment and follow up at local institutions, data on overall disease course and progression is also limited. The small number of patients limits conclusions that can be made from the study. It is also extremely difficult to determine any type of clinical response to treatment given the lack of a sufficient historical cohort that includes patients with such advanced disease.
Despite these limitations, hepatic artery infusion of melphalan is shown to be safe and feasible in patients with ocular melanoma with liver metastases. The extent of disease and resultant hepatic dysfunction at presentation dictates treatment outcome. These findings warrant consideration of placement of hepatic artery infusion ports following isolated hepatic perfusion or for adjuvant treatment of the liver in high risk patients. Further study of this approach to determine optimal utilization is warranted.
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